Sheet resistance of spin-coated i-RGO versus vacuum pressure
Figure S1. Sheet resistance of spin-coated i-RGO (with a PVA/GO weight ratio of 1) and normal RGO (n-RGO) as pressure is elevated from 10 −3 torr to ambient air pressure; (a) 30 °C, (b) 50 °C, (2) (R= a + b ). Note that the calculated resistances are compared with the experimental data in Figure S1 .
The suggested hypothesis of LVW interaction is theoretically examined in the low pressure regime, with the assumptions that the parallel horizontal layers of hexagonal graphene lattice have a side length of 1.42 Å connected vertically by polymer pillars of 5 nm radius and the distance between two layers is 6.8 Å . For a pressure of 1 torr and a temperature of 300 K, the number density of air molecules is quite small, about one per 30 nm side cube. Therefore, the pressure equilibrium condition of the graphene sheets seem to play a role in resistance changes at low pressure, rather than the direct action of air molecules inside graphene. In this regime the pres- mation is symmetric about the Z direction, we can assume that Z = 0 is the average equilibrium position of the layer. The potential energy of the layer along the Z plane can become complex, depending on the size of the layer. In the regime where pressure differences cause a visible change, one can assume that the average position of layer Z changes by ΔZ, since the layer has higher energy by Δ Δ (P is pressure and A is the area of the layer). The probability density also changes by a factor Δ . The resistance is related to mobilities of the charge carriers. When Z has an appreciable standard deviation, the carriers should travel a longer path with potential barriers. We assume that the resistance has a linear relation with the standard deviation of Z. Since the average of Z is 0, the standard deviation of Z is just . Using the above partition function factor, the following equation can be obtained:
(1)
With the given experimental data in Figure 2 and a suitable value for A, the (P vs ) graph correlates with the (P vs R) graph assuming:
(2) (a and b in equation (2) are T and A dependent) Figure S3 shows (P vs R) and (P vs ) graphs in comparison with the experimental data in Figure S1 . A is set as 5.25 × 10 −12 m 2 , which corresponds to a square with a side length of 2.29 μm. The fitting parameters are a, b, and in units of Å . As seen in Figure 6 , the theoretical description with A is consistent matches with the experimental data. 
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